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The present invention relates to a hydraulic unit for slip-controlled brake systems which 
includes a third row of valves in the accommodating member between a first row of valves 
having the valve-accommodating bores for the inlet valves and the second housing surface 
wherein the third row of valves includes at least in one valve-accommodating bore an electric 
change-over valve which is closed in its basic position and hydraulically linked to the pump- 
accommodating bore by way of a portion of a suction channel that traverses the first row of 
valves for connection to the pump-accommodating bore. 
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Hydraulic Unit for Slip-Controlled Brake Systems 

Technical Field 

[QQOll The present invention relates to a hydraulic unit for slip-controlled brake systems. 
according to th e preamble of patent claim 1 . 

Background of The Invention 

[QQ021 DE 42 34 013 Al discloses a hydraulic unit for a slip-controlled brake system, 
including a block-shaped accommodating member which, side by side in a first and second 
row of valves, comprises a total of eight valve-accommodating bore accommodating 
electromagnetically operable inlet and outlet valves. Disposed between the two rows of valves 
is a pump-accommodating bore, and two parallel accumulator-accommodating bores are 
arranged outside the rows of valves. The accumulator-accommodating bores are arranged 
transversely to the valve-accommodating bores directly adjacent to the second row of valves 
containing the outlet valve, while the pump-accommodating bore extends in parallel to the 
two rows of valves. Arranged centrally between the two rows of valves is a motor- 
accommodating bore that extends into the pump-accommodating bore paraxially relative to 
the valve-accommodating bores. 

[QQ031 The disclosed hydraulic unit is appropriate exclusively for a slip-free braking 
operation and for being used for brake slip control. 

[Q0Q41 Therefore, an object of the invention is to improve upon a hydraulic unit of the 
indicated type by simple means in such a fashion that an extension to traction slip control and 
driving dynamics control is possible, while the described arrangement of the bores in the 
accommodating member accommodating valves, pump and accumulator is maintained. 
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h ere inabove by li te character izi ng features o f patent claim 1 

f0 0Q 51 According to the invention, a third row of valves is provided opening into the first 
housing surface of the accommodating member between the housing plane provided for the 
ports of the braking pressure generator and the housing plane provided for the first row of 
valves The third row of valves, which is thus arranged directly adjacent to the first row of 
valves ensures a simple functional extension of the hydraulic unit designed for anU-lock 
control for the purpose of achieving traction slip control or driving dynamics control, to what 
end normally closed solenoid valves configured as electric change-over valves are mserted m 
the two outside valve-accommodating bores of the third row of valves. Separating valves in 
the form of solenoid valves open in their basic position are inserted into the two interposed 
valve-accommodating bores of the third row of valves. 

r uxl h u featur e s, advantages, an d p ossib l e a pplicationc o f the- im uil i u n c an bo t nFnn i n-the 



drawings. 



In the drawings; 

BriefPescription nf The Drawings 

[0006] Figure 1 is a three-dimensional illustration of a total view of the subject matter of the 
invention for depicting all accommodating bores and pressure fluid channels in the 
accommodating member. 

f00 Q71 Figure 2 is a detail view of Figure 1 for depicting the channel connections between the 
valve-accommodating bores arranged in the third and first row of valves and the pump- 
accommodating bore, as well as the connection of the accumulator-accommodatmg bore to 
the pump and valve-accommodating bores of the second row of valves. 
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[00081 Figure 3 is another detail view of Figure 1 for explaining the channels of the first and 
second row of valves that lead to the wheel and pressure sensor ports. 

[00091 Figure 4 is a detail view of Figure 1 for explaining the pressure fluid return existing 
between the first and second row of valves and the accumulator-accommodating bores. 

[QOlOl Figure 5 is still another detail view of Figure 1 with a braking pressure generator and 
separating valve connection modified with respect to Figure 1 and disposed respectively at the 
valve-accommodating bore receiving the electric change-over valve. 

Detailed Description of The Prefer red Embodiments 

[00111 Figure 1 shows a perspective view of a hydraulic unit for slip-controlled brake 
systems, including an accommodating member 1 accommodating inlet valves and outlet 
valves in respectively four valve-accommodating bores XI -X4, Y1-Y4 of a first and second 
row of valves X, Y that open as blind-end bores into a first housing surface Al of the 
accommodating member. Housing surface Al is positioned at right angles relative to a second 
housing surface A2 into which several braking pressure generator and wheel brake ports Bl, 
B2, Rl, R3 open. Further, the block-shaped accommodating member 1 is penetrated by a 
pump-accommodating bore 5 that is directed transversely to the direction the valve- 
accommodating bores XI -X4, Y1-Y4 open into the accommodating member 1. The pump- 
accommodating bore 5 is arranged between the axes of the valve-accommodating bores XI- 
X4, Y1-Y4 of the first and second row of valves X, Y aligned vertically relative to the first 
housing surface Al. Pointing to the pump-accommodating bore 5 in a vertical distance from 
the first housing surface Al is a motor-accommodating bore 13 which is not only used to 
secure an electric motor that actuates the pump pistons in the pump-accommodating bore 5 
but also comprises a crank drive or eccentric drive. 

[QQ121 Two parallel arranged accumulator-accommodating bores 9, which are aligned 
transversely to the axes of the valve-accommodating bores Y1-Y4 of the second row of valves 
Y, open into the accommodating member 1 in a third housing surface A3 which is disposed 
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parallel opposite the second housing surface A2. Spring-applied pistons are inserted into the 
accumulator-accommodating bores 9. The depth of the accumulator-accommodating bores 9 
has a smaller size than the horizontal distance of the second row of valves Y from the third 
housing surface A3 so that the connection between the third row of valves Y and the 
accumulator-accommodating bores 9 is established by way of several return channels 10. 

[QQ131 Electromagnetically operable, normally closed outlet valves are arranged in the valve- 
accommodating bores Y1-Y4 of the second row of valves Y. The vertical axes of the valve- 
accommodating bores Y1-Y4 of the second row of valves Y extend between the two 
accumulator-accommodating bores 9 and the pump-accommodating bore 5 into the 
accommodating member 1 . 

[QQ141 To provide a hydraulic connection between a braking pressure generator port Bl 
and/or B2 and the wheel brake ports Rl, R2 of the first brake circuit or to the wheel brake 
ports R3, R4, there is need for several channels that connect the valve-, pump- and 
accumulator-accommodating bores, that are generally made by appropriate drilling operations 
within the accommodating member 1 exactly as the valve-, accumulator- and pump- 
accommodating bores. 

[Q0151 In order to design the original machining of the accommodating member 1 with least 
possible modifications and hence in a simple fashion, while bearing in mind the object of the 
invention, it is suggested that a third row of valves Z be arranged in the accommodating 
member 1 best between the first row of valves X that includes the valve-accommodating 
bores XI -X4 for the inlet valves and the second housing surface A2, said third row of valves 
Z accommodating an electric change-over valve closed in its basic position in a valve- 
accommodating bore Zl or Z4 for each brake circuit. The hydraulic connection between the 
valve-accommodating bore Zl or Z4 and the pump-accommodating bore 5 is established by 
way of a portion of a suction channel 6 traversing the first row of valves X for connection to 
the pump-accommodating bore 5. 
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[00161 Further, at least one valve-accommodating bore Z2 or Z3 is additionally arranged in 
the third row of valves Z for each brake circuit, housing an electromagnetically operable 
separating valve normally open in its basic position, with said further valve-accommodating 
bore Z2 or Z3 being connected to the valve-accommodating bore Zl or Z4 housing the 
change-over valve by way of a short channel 3 which is preferably configured as a transverse 
channel. 

[00171 Still further, the valve-accommodating bore Z2 or Z3 including the separating valve is 
respectively connected to an inlet channel 4 that leads to the first row of valves X and opens 
in said first row of valves X in each case into the bottom of a valve-accommodating bore X2 
configured as a blind-end bore and receiving an electromagnetically operable inlet valve, that 
is normally open in its basic position. The inlet channel 4 of each one brake circuit propagates 
along the first row of valves X in the direction of a noise damping chamber 7 which opens as 
a short blind-end bore directly paraxially beside the pump-accommodating bore 5 into a 
fourth housing surface A4. On the other hand, the pump-accommodating bore 5 extends 
through the fourth housing surface until the opposite housing surface of the accommodating 
member 1. At the outside ends of the pump-accommodating bore 5, each one pressure channel 
8 traverses the pump-accommodating bore 5 in the direction of the noise damping chambers 
7, for what purpose the pressure channel 8 is preferably designed as a transverse channel that 
opens radially into the blind-end bore provided for the noise damping chambers 7. 

[00181 With respect to the details explained so far by way of Figure 1, reference is also made 
to the description in Figure 2, in as far as the described details do not become apparent from 
Figure 1. 

[00191 The bore portion of the pump which is in each case remote from the outside ends of 
the pump-accommodating bore 5 and disposed close to the motor-accommodating bore 13 is 
penetrated towards each accumulator-accommodating bore 9 by the suction channel 6 which 
opens into the bottom of the accumulator-accommodating bore 9. Moreover, a non-return 
valve opening in the direction of the pump-accommodating bore 5 is arranged in the short 
portion of the suction channel 6 positioned between the pump-accommodating bore 5 and the 
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accumulator-accommodating bore 9 so that pressure fluid inflowing from the braking pressure 
generator port Bl or B2 through the electric change-over valve into the first portion of the 
suction channel 6 propagates in each brake circuit exclusively to the suction side of the pump 
arranged in the pump-accommodating bore 5. 

[QQ201 Apart from the short portion of the suction channel 6, at least one return channel 10 
opens into the bottom of the accumulator-accommodating bore 9, said channel being 
connected to the valve-accommodating bores Yl, Y2 or Y3, Y4, respectively, receiving the 
outlet valves and being arranged in the accommodating member 1 somewhat deeper in 
relation to the accumulator-accommodating bore 9. Thus, the second row of valves Y is 
directly adjacent to the accumulator-accommodating bore 9 so that shortest possible return 
channels 10 and short suction channels 9 lead to the accumulator-accommodating bores 9, 
what improves the evacuation, filling and efficiency of the pump. 

[00211 In the present example, each valve-accommodating bore Yl, Y2 or Y3, Y4 of the 
second row of valves Y is designed as shortest possible blind-end bore. Each bottom of the 
valve-accommodating bores Y1-Y2 is respectively connected to a portion of a return channel 
10 that leads to the accumulator-accommodating bore 9. Each return channel 10 is arranged as 
an angular channel laterally of the short portion of the suction channel 6. Downstream of the 
return channels 10 that open into the bottoms of the valve-accommodating bores Y1-Y4, the 
valve-accommodating bores Y1-Y4 are penetrated by the wheel pressure channels 11 which 
are continued radially or tangentially by the valve-accommodating bores Yl, Y2 or Y3, Y4, 
respectively, arranged in the second row of valves (Y) to the valve-accommodating bores XI, 
X2 or X3, X4, respectively, arranged in the first row of valves X. The wheel pressure 
channels 11 lead past the third row of valves Z to the wheel brake ports Rl, R2 or R3, R4, 
respectively. 

[00221 Besides, each one further portion of the wheel pressure channels 11 is continued 
radially or tangentially by the valve-accommodating bores Yl, Y2 or Y3, Y4, respectively, 
arranged in the second row of valves Y downstream of the accumulator-accommodating bores 
9 to the third housing surface A3, where one pressure sensor accommodating bore W1-W4 is 
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connected in each case at the end portion of each one wheel pressure channel 1 1 for detecting 
the brake pressures prevailing at the four wheel brake ports R1-R4. 

[00231 Figure 3 shows in this respect an especially clear illustration of all wheel pressure 
channels 11 and pressure sensor accommodating bores Wl, W2, W3, W4 arranged in the 
horizontal plane of the first and second row of valves X, Y. 

[00241 Finally, the extremely compact arrangement of all channels and accommodating bores 
in the accommodating member 1 allows, if necessary, the integration of a blind-end bore for 
each brake circuit to accommodate a pump suction damper 12 apart from the valve- 
accommodating bore Zl provided for the change-over valve, to what end the blind-end bore is 
connected by way of a suction damper channel 2 to the valve-accommodating bore Zl 
accommodating the change-over valve (cf. Figures 1 and 5). 

[QQ251 Due to the dual-circuit design of the brake circuit, two braking pressure generator 
ports Bl, B2 and the two wheel brake ports Rl, R3 open into the second housing surface A2 
close to the outside edges of the block-shaped accommodating member 4, as becomes 
apparent from Figure 1. As the brake system is meant for a multi-track motor vehicle being 
braked at four wheels, two further wheel brake ports R2, R4 are fitted to the top side of the 
accommodating member 1, for example. Depending on assembly or mounting conditions, the 
wheel brake ports R2, R4 may of course also be arranged in the second housing surface A2. 

[QQ261 Thus, associated with the first brake circuit is the braking pressure generator port Bl 
which is normally connected to the wheel brake ports Rl, R2 by way of the valve- 
accommodating bores Zl, Z2 in the third row of valves Z and the valve-accommodating bores 
XI, X2 in the first row of valves X. Hence, in the slip-free braking operation, there is an 
unimpeded connection through the valve-accommodating bore Zl, the transverse channel 3, 
the valve-accommodating bore Z2 and the inlet channel 4 to the open inlet valves in the two 
valve-accommodating bores XI, X2 of the first row of valves X which are connected directly 
to the wheel brake ports Rl, R2 of the first brake circuit by way of the two wheel pressure 
channels 1 1 arranged side by side. 
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[00271 For brake slip control in a pressure reduction phase for the first brake circuit, there is a 
pressure fluid connection from the two valve-accommodating bores XI, X2 through a portion 
of the wheel pressure channel 1 1 to the opened outlet valves in the two valve-accommodating 
bores Yl, Y2 so that from there excessive braking pressure volume is conducted through the 
return channels 10 succeeding the bottoms of the valve-accommodating bores XI, X2 into the 
accumulator-accommodating bore 9 of the first brake circuit. For the purpose of renewed 
braking pressure increase, the pressure fluid of the wheel brakes of the first brake circuit 
stored in said accumulator-accommodating bore is supplied through the short portion of the 
suction channel 6 from a pump piston in the pump-accommodating bore 5 to the pressure 
channel 8, to the noise damping chamber 7 and again through the portion of the inlet channel 
4 extending alongside the first row of valves X to the valve-accommodating bores XI, X2. If 
the outlet valves in the row of valves Y are closed again, the pressure fluid delivered by the 
pump propagates in the case of pressure increase in the wheel brakes through the opened inlet 
valves into the wheel pressure channels 11 and, thus, to the wheel brake ports Rl, R2. If, 
however, it is desired to keep the wheel brake pressures in one of the wheel brakes constant, 
then both the inlet valve and outlet valve associated with the wheel brake remain in their 
closed position, with the result that the connection between the inlet channel 4 and the wheel 
pressure channel 11 in the first row of valves X and the connection of the wheel pressure 
channel 1 1 to the return channel 10 in the second row of valves Y are interrupted. 

[Q0281 In the brake circuit that has already been described as an example, the separating valve 
inserted into the valve-accommodating bore Z2 of the third row of valves Z is 
electromagnetically closed and the change-over valve arranged in the valve-accommodating 
bore Zl is opened for traction slip and driving dynamics control, so that pressure fluid 
propagates through the braking pressure generator port Bl opening laterally into the valve- 
accommodating bore Zl, to the first portion of the suction channel 6 arranged at the bottom of 
the valve-accommodating bore Zl, thus establishing a direct connection to the pump- 
accommodating bore 5 on the shortest way (bypassing the first and second row of valves X, 
Y). The pump piston inserted into the pump-accommodating bore 5 then supplies pressure 
fluid into the pressure channel 8 through the pump pressure valve inserted into the pump- 
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accommodating bore 5 and from there through the already mentioned inlet channel 4 to the 
valve-accommodating bores XI , X2 which, depending on the prevailing pressure control 
cycle, are either opened or closed by the inlet valves in the direction of the wheel brake ports 
R1,R2. 

[00291 It can be taken from the three-dimensional illustration of the hydraulic unit of the 
invention that a pressure fluid channel system is provided between the individual rows of 
valves X, Y, Z by means of straight and transverse bores, said system permitting an extension 
to traction slip and driving dynamics control in conformity with the demands of performance, 
while allowing a simplest possible realization in terms of manufacture. 

[QQ301 Advantageously, the result of the selected position of the third row of valves Z for 
each brake circuit is an especially short, low-resistance suction channel 6 between the braking 
pressure generator port Bl or B2 and the associated pump-accommodating bore 5. Thus, the 
suction channel 6 is quick and ready to vent and fill. In addition, a piston pump in the pump- 
accommodating bore 5 is used to aspirate the pressure fluid quickly and reliably on the 
shortest way through the braking pressure generator port Bl or B2. 

[00311 The statements made so far with respect to the first brake circuit apply accordingly 
with respect to the design and the function of the elements necessary for the second brake 
circuit, which are arranged mirror-symmetrically to the elements of the first brake circuit in 
the accommodating member 1 . 

[QQ321 To illustrate the previously described construction and function of the hydraulic unit, 
the arrangement of bores in the block will be described in the following by way of Figures 2 
to 5 for the parts of the accommodating member 1 partly concealed in Figure 1 . 

[Q0331 To this end, Figure 2 shows a detail view of Figure 1 for explaining the connections 
between the valve-accommodating bores Z2, Z3 arranged in the third and first row of valves 
Z, X and the pump-accommodating bore 5 through the inlet channel 4 for each brake circuit. 
Thereby, the pressure fluid supplied by the pump propagates either through the inlet valves 



-9- 



API 0444 

switched open in the first row of valves X to the wheel pressure channels 1 1 and, hence, to the 
wheel brake ports Rl, R2 (see Figure 3) or retroacts in the closed position of the inlet valves 
to the separating valve in the valve-accommodating bore Z2 by way of the inlet channel 4 
connecting the first row of valves X and the third row of valves Z. Thus, in the normally 
opened switch position of the separating valve, the pump pressure in the previously explained 
closing position of the inlet valve retroacts through the channel 3 that is laterally connected to 
the valve-accommodating bore Z3 into the valve-accommodating bore Zl and to the braking 
pressure generator port Bl (see also Figure 1). 

10034] it becomes apparent from Figure 2 that the portion of the inlet channel 4 that extends 
transversely to the third and the first row of valves Z, X, in terms of manufacture, is made as a 
blind-end bore using the second housing surface A2 by means of a simple drilling operation 
upstream of the valve-accommodating bores Z2, X2. The actual connection of the channel 
portion extending transversely to the rows of valves X, Z is then constituted by respectively 
one drilling operation pointing from the first housing surface Al to the valve-accommodating 
bores Z2, X2, said drilling operation penetrating the bottoms of the valve-accommodating 
bores Z2, X2 in the direction of the channel portion of the inlet channel 4 placed on top 
thereof and cutting the channel portion. 

[00351 Likewise, the portion of the inlet channel 4 that extends horizontally above alongside 
the first row of valves X is provided from the fourth housing surface A4 by means of a 
drilling operation cutting the inlet channel 4. The connection between the outside valve- 
accommodating bore XI and the horizontal portion of the inlet channel 4 is then constituted 
by a drilling operation directed from the first housing surface Al vertically through the valve- 
accommodating bore XI, unless a direct intersection of the bottoms of the valve- 
accommodating bores XI, X2 is provided already during the horizontal drilling operation for 
making the inlet channel 4. 

100361 In the present example, the horizontal portion of the inlet channel 4 opens into a noise 
damping chamber 7 arranged in the area of the fourth housing surface A4 and connected to 
the pressure side of the pump-accommodating bore 5 by way of a pressure channel 8. Said 
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pressure channel 8 is provided by means of a bore that is directed transversely from above 
into the accommodating member 1 and penetrates the outside end area of the pump- 
accommodating bore 5 until the intersection of the noise damping chamber 7. Both the noise 
damping chamber 7 and the transverse port of the pressure channel 8 are closed pressure- 
tightly to the outside by means of plugs. 

[QQ371 Figure 3 shows a cutout of the accommodating member 1 in the area of the portions of 
the wheel pressure channels 1 1 connecting the first and second row of valves X, Y to the 
wheel ports R1-R4 and the pressure sensor accommodating bores W1-W4. According to the 
illustration, the four wheel pressure channels 1 1 necessary for the wheel brakes point parallel 
side by side from the third housing surface A3 to the parallel arranged valve-accommodating 
bores XI -X4, Y1-Y4. The necessary drilling tool fully penetrates to this end the valve- 
accommodating bores of the second row of valves Y and cuts the walls of the valve- 
accommodating bores in the first valve-accommodating bore X. The link between the wheel 
brake ports R1-R4 and the valve-accommodating bores in the first row of valves X is 
established by way of the end portion of the wheel pressure channels 1 1 depending on the 
position of the wheel brake ports R1-R4. Depending on the position of the wheel brake ports 
R1-R4 chosen, a transverse or cross bore may be suitable to this end. The ends of the wheel 
pressure channels 11 are sealingly closed in the third housing surface A3, while the pressure 
sensor accommodating bores W1-W4 arranged parallel directly beside the second row of 
valves Y in a fourth track of punched holes W are closed by means of suitable sensors which 
exactly as the valves in the rows of valves normally project from the first housing surface Al. 

[00381 Following Figure 3, Figure 4 shows the connection of each valve-accommodating bore 
of the second row of valves Y through the return channels 10 to the accumulator- 
accommodating bores 9 disposed above the track of punched holes W. Each return channel 10 
is continued as an angular channel produced by the conjunction of a horizontal and a vertical 
drilling operation, for what purpose one drilling operation is directed into the respective 
valve-accommodating bore of the second row of valves Y and into the bottom of the 
accumulator-accommodating bore. Further, all vertical ports of the inlet channels 4 at the 
bottoms of the four valve-accommodating bores XI -X4 in the first row of valves X and the 



- 11 - 



API 0444 



wheel pressure channels 1 1 opening at the periphery of the valve-accommodating bores XI- 
X4 are apparent. 

[0039] Figure 5 finally shows another detail view of the subject matter of the invention with a 
braking pressure generator and separating valve connection, modified compared to Figure 1, 
at the valve-accommodating bore Zl receiving the electric change-over valve. The channel of 
the braking pressure generator port Bl or B2 now opens in an elevated position into the 
second housing surface A2 so that said is continued above the bottom of the valve- 
accommodating bore Zl linearly to the accommodating bore of the pump suction damper 12. 
Consequently, the first portion of the suction channel 6 will now succeed below the bottom at 
the wall of the valve-accommodating bore Zl. The exchange of the channel ports now made 
compared to Figure 1 allows reverse fluid flow through the valve-accommodating bore Zl 
and, thus, also the change-over valve in case of need. 

[00401 Further, the channel 3 in Figure 5 is led as a transverse channel directly from the first 
housing surface Al through the valve-accommodating bore Z2 to the point of connection of 
the braking pressure generator port Bl or B2 to the bottom of the valve-accommodating bore 
Zl. Further, another pressure sensor port 14 is arranged between the two accumulator- 
accommodating bores in Figure 5, said port 14 being connected to the accommodating bore of 
the pump suction damper 12 by way of a pressure measuring channel traversing the pump- 
accommodating bore 5, with the result that the pressure prevailing at the braking pressure 
generator port B2 can be detected by means of an appropriate sensor system. 

[00411 As far as further details illustrated in Figure 5 are concerned, reference is made to the 
preceding explanations given with respect to Figures 1-4. 



- 12- 



AP10444 

List of R e ference Numerals: 

4 accommodating member 

-2 suction damper channel 

-3 chann e l 

-4 inlet chann e l 

-5 pump accommodating bor e 

-6 suction channel 

-7 noise damping chamb e r 

-8 pressure chann e l 

-9 accumulator accommodating bore 

40 return channel 

44 wheel pr e ssure channel 

43 pump suction damper 

43 motor accommodating bor e 

44 pressure sensor port 

X4 valve accommodating bore 

X3 valve accommodating bor e 

X3 valv e accommodating bor e 

X4 valve accommodating bor e 

¥4 valve accommodating bor e 

¥3 valv e accommodating bore 

¥3 valve accommodating bor e 

¥4 valve accommodating bor e 

Z4 valve accommodating bore 

Z3 valve accommodating bore 

Z3 valve accommodating bore 

Z4 valve accommodating bore 

W4 pr e ssur e sensor accommodating bore 

W3 pressure sensor accommodating bor e 
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W3 pressur e sonsor accommodating bor e 

W4 pr e ssur e sonsor accommodating bor e 

X row of valv e s 

¥ row of valves 

Z row of valv e s 



W track of punch e d holes 

B4 braking pressur e generator port 

B3 braking pr e ssure g e nerator port 

A4 housing surfac e 

A3 housing surfac e 

A3 housing surfac e 

A4 housing s urfac e 

R4 wheel brake port 

R3 wheel brak e port 

R3 wheel brak e port 

R4 whe e l brake port 
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